the fact that only a few round opacities may be present, and in many instances the lesions become confluent and may be indistinguishable radiographically from progressive massive fibrosis. It was suggested that more cases would be recognized if it were realized that there is often a mixed radiographic picture of round opacities and opacities indistinguishable from progressive massive fibrosis and tuberculosis.
Subsequent observations on more than 550 cases of the syndrome have confirmed in the main the original radiographic description and in particular emphasized the high incidence of cavitation as a characteristic feature. Additional experience among coal-workers has suggested an association of clinical rheumatoid arthritis with discrete nodular opacities 0.3 to 1 cm. in diameter, i.e., somewhat smaller than was originally found, and classifiable under the International Classification of Radiographs of Pneumoconiosis (I.L.O., 1959) as categories 1, 2, or 3 nodular simple pneumo- coniosis. Furthermore, even in the absence of clinical arthritis, the sensitized sheep cell agglutination test (S.S.C.A.T.) in these cases, and in others with a mixed nodular and progressive massive fibrosis picture, was found to be positive p in a fairly high proportion of cases. Such cases were therefore considered likely to be associated with rheumatoid disease. It was decided to investigate the presence of clinical rheumatoid arthritis and of positive rheumatoid factor tests in coal-workers with a variety of pneumoconiotic appearances to determine whether there was a significantly higher incidence of arthritis and/or positive tests associated with distinguishable radiographic appearances and, in particular, whether there was an association between positive tests and these appearances in the absence of arthritis. (Fig. 2a) to 'snowstorm' appearances (Fig 2b) ; or (c) mixed nodular and irregular opacities: a few rounded and/or irregular opacities on a background of no pneumoconiosis or category 1 simple pneumoconiosis, particularly when there was or had been evidence of cavitation (Fig. 3) .
RHEUMATOID FACTOR TESTS.-Sheep cell agglutination and latex fixation tests were used in this investigation because there is considerable evidence that the factor which agglutinates sensitized cells is not identical with the factor which agglutinates inert particles coated with gamma globulin (Heller, Jacobson, Kolodny, and Kammerer. 1954: Lospalluto and Ziff, 1959) .
The sensitized sheep cell agglutination test (S.S.C.A.T.) of Greenbury (1957) (Rose, Ragan, Pearce, and Lipman, 1948) was then calculated. Agglutination at an initial serum dilution of 1 in 32 or greater was considered positive.
A latex fixation test using bovine gamma globulin as the reactant (Payne, 1961) (Table IV) .
Olecranon Nodules without A rthritis.-Four subjects had olecranon nodules and no arthritis. One had a nodular appearance in the chest radiograph, one a mixture of nodular and irregular (Table V) . Pleural Etfusion.-There was a history of the aspiration of a pleural effusion in eight subjects, of whom three had a classical rheumatoid picture with definite rheumatoid arthritis, four had a classical picture without arthritis, and one had progressive massive fibrosis without arthritis. All except the one subject with progressive massive fibrosis had positive rheumatoid factor tests.
DISCUSSION
This investigation has again confirmed the high prevalence of rheumatoid arthritis in miners with the classical chest radiographic appearance described by Caplan (1953) . It has also shown that certain less characteristic appearances were associated with a prevalence of clinical arthritis higher than that found in other forms of coalworkers' pneumoconiosis, but lower than that associated with the classical radiographic appearance of the rheumatoid syndrome.
Thz expected high proportion of positive rheumatoid factor tests, about 88%, was found in the presence of definite rheumatoid arthritis (Greenbury, 1960) irrespective of the chest radiographic appearance. It is interesting that when the rheumatoid syndrome was considered probable or was suspected from chest radiographs and there was no arthritis, there was a positive S.S.C.A.T. in 70.6% of those with classical appearances. 47.7% of those with nodular simple pneumoconiosis, and 42.9% of those with a mixture of nodular and irregular opacities.
The characteristic pathology of rheumatoid pneumoconiosis has been described by Gough, Rivers, and Seal (1955) . It has been found that the pulmonary lesions in miners with classical chest radiographs but with no arthritis are indistinguishable from the lesions found in miners with the complete syndrome (Gough, 1959) . However, it is likely that some of our non-arthritic subjects with nodular and mixed radiological appearances and negative rheumatoid factor tests had opacities that were not rheumatoid in origin, for an unpublished correlation of radiographic appearances and postmortem findings (Caplan and Gough, 1962) The two latex tests, which showed good agreement with each other, were less often positive than the S.S.C.A.T. in non-arthritic miners with rheumatoid radiographic appearances but not in the other groups. This finding supports the view that there are at least two rheumatoid factors with different specificities.
The results of some rheumatoid factor tests (two sensitized cell tests and two latex fixation tests) in coal-workers have been published by Dickmans (1960) . Positive tests were found in from one third to one half of his subjects without arthritis in whom the chest radiographic appearances suggested the rheumatoid syndrome. However, positive tests were found in a relatively high proportion of subjects with neither arthritis nor pneumoconiosis.
Serum specimens from 10 of Dickmans's nonarthritic subjects with classical radiographic appearances were examined by Schroeder, Franklin, and McEwen (1962) . They found a positive euglobulin S.S.C.A.T. in all 10, but the latex fixation test of Singer and Plotz (1956) was positive in only six, agreeing with our finding that these two kinds of test tend to give different results in this group of subjects. Claeys (1954), Ishinishi and Miyazaki (1958) , and other workers found that the serum of miners with classical silicosis agglutinated suspensions of quartz coated with protein. This reaction appears to be similar to latex fixation. However, latex fixation tests may become positive in a variety of non-rheumatoid diseases while the S.S.C.A.T. remains negative (Fudenberg and Kunkel, 1961) .
We have been unable to find any reference to sheep cell tests in silicosis or evidence that the prevalence of rheumatoid arthritis is increased in this disease. It seems unlikely that the small amount of silica in coal dust accounts for the positive rheumatoid factor tests we have found in non-arthritic miners with distinguishable chest radiographic appearances. Miall (1955) found no increase in the prevalence of rheumatoid arthritis among miners and ex-miners in a defined population and concluded that exposure to dust was of no aetiological importance in the disease.
Ball and Lawrence (1961) found that only 19.40%/, of subjects with positive sheep cell tests from two British population samples had definite rheumatoid arthritis. They also found that two out of seven non-arthritic subjects with positive tests seen five years earlier had developed rheumatoid arthritis in the interval. Both Caplan (1953) and Miall et al. (1953) pointed out that the chest radiographic changes of the rheumatoid syndrome may precede the arthritis by a number of years. It is therefore possible that non-arthritic miners with these radiographic changes and a positive S.S.C.A.T. represent the non-arthritic members of the general population with positive tests, and that they can be identified because they develop nodular lesions in the lungs in the presence of coal dust. A follow-up of this group should be of interest, particularly to find out whether there is any difference in the frequency or rapidity of development of clinical rheumatoid arthritis in those with positive sheep cell and latex tests, those with positive sheep cell tests only, and those with negative tests. The subjects in this investigation were selected from miners attending the Cardiff Pneumoconiosis Medical Panel and the Pneumoconiosis Research Unit. We are co-operating with the Epidemiological Research Unit of the Medical Research Council in investigating the possibility of using a random sample of a mining population to see if our finding can be confirmed in a less selected population.
SUMMARY
Clinical observation over the last few years suggested that some widening of the definition of the pulmonary radiographic side of the rheumatoid pneumoconiosis syndrome was needed. Clinical and radiological investigations in a group of coal-miners showed that there was an increased prevalence of rheumatoid arthritis both in miners with small nodular discrete radiographic opacities, normally defined as nodular simple pneumoconiosis, and in miners with a mixture of nodular and irregular opacities, normally included in the category of progressive massive fibrosis.
In addition, independent immunological studies showed that miners with these radiographic appearances or the classical chest radiographic changes of the rheumatoid pneumoconiosis syndrome, who had no history, signs, or symptoms of rheumatoid arthritis, had a high proportion of positive rheumatoid factor tests.
